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A NEW METHOD FOR SOLVING DIFFRACTION PROBLEMS
A. A. Kharkevich
Zﬁigest\. Figures referred to are appended:]

The essence of the proposed method follows: the given diffraction prob-
lem is formulated as a boundary-value problem with definite conditions on the
boundaries of a certain region. This region is transformed (real) so that the
boundary conditions are presexrved, but so thet the field in the transformed
region can immediately be expressed in quadratures as in the elementary prob-
lem on radiation. With the aid of formulas, expressing the chosen transforma-
tion of the regiom,.which result from the solution of the auxiliary problem of
radiation, one obtains the desired solution of the diffraction problem.

The following cxample will clarify the method: Let us seek the field
that arises when a single two-dimensional discrete pressure wave is diffracted
by & rectilinear edge of a semi-infinite screen. The wave is propagated par-
allel to the plane of the screen and its front reaches the screen at ‘moment
t=0. Beyond the front of the single wave the pressure equals zero and be~
bind the front it is unity. The diffraction phenomenon develops in a cylin-
der of radius ct. The axis of "the cylinder is the edge of the screen; the
problem is two-dimensional. The boundary conditions:are these: on the upper
semicircle we have p=1 (Figure 1) and on the lower semicircle p=0. At both
places of the discontinuity we have AC: a,o/a,;_a (i. e., the screen is assumed
to be rigid).

For these boundary conditions the pressure must satisfy the wave eguation:

555)9r >4 O plort-rh Pp)dat—g S ploE =0 (1)
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Let us consider the auxiliary problem: Let the semiplane be covered
at t=0 by sources of an intensity such that if the entire plane were cov- 3
ered by these sources then it would radiate a single pressure wave. In
other words, the normal velocity must be chosen in the form:

v w S (E)=10 <2,
=w-r ("29), (2)

where w=/C1is the wave resistance of the medium. The phenomenon is pic-
tured in Figure 2. The edge of the radilating semiplane is located at A'.
The semiplane left of A' is rigid and immobile. Boundary conditions are:
p=1 on the arc C'B'; p=0 on arc B'D'; p/Po7=0 on D'A' and A'C'. The
Pield within the semicircle C'B'D'A'C' is easily found.

We find from Figure 3:
dp=p V(t—R/)IS/2TR & IS = Lhada

=20 Kd R.
O = arc ces cos B
V(R/p)?— sin®p3
and we have, taking (2) into mind: .
p=——-7,4-fcﬂ (17 s, (t-z‘)dfr=.7,4 B(E) a5 (2 —p/2)
thus, within tﬁ‘; semicircle p(ct the pressure is expressed by:

=_/_ . i‘a:-.r,é’ j
/9 7,_4!'(; cos WW)%—5’77£/6 ) (3)

which represents the solution of the auxiliary problem of radiation.

Furthermore s

Comparing the boundary conditions of the min problem and the auxiliary
problem, we see that the boundary conditions of both problems coincide if we
double the angles of the second problem. Here Figure 2 goes over to Figure 1.
Consequently, one of the formules giving the transformation of a gemicircle
into & circle has the form:.

= 2p3 ()
Let us find the transformation formulas of the radii. By the substitution
cosh z=ct/r we convert the wave equation (1) into Laplace's eguation
a’ﬁ/a22+32‘,5/c94\'2=6. Obviously, we can multiply both arguments by one and
the same number without changing this equation. Introducing instead of o
a new angle 2@ we must correspondingly replace z by z=2y where cosh y =
ct/p so that cosh z=cosh Jy=2 cosh®y—1 and we obtain the transformation

formula of radii .
ctfr=2(ctp)*7- } (5)

Formulas (4) and (5) gives the transformation of the semicircle into a cir-
cle which is invariant relative to the wave equaticm.

It remains to substitute (4) and (5) into (3) in order to obtain the
solution of our diffraction problem. We find: '

. 6

=L arc cos £ Y/Z cos o2 (6) '
T '}/-77'“- S cos oK

Formule 6 was obtained earlier by another method of the suthor (see Zhur

Tekh Fiz, No 19, 828, 1949).

-

[Appended figures follow./
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